Diagnosis of SLE in early stages is challenging due to the heterogeneous nature of presenting symptoms and the poor performance metrics of the screening ANA test. Even the more specific double-stranded DNA autoantibody has relatively low predictive value in early disease. A consequence is delayed referral, with the likelihood that some patients have progression of disease prior to specialist evaluation. Tests that might fill this diagnostic gap are therefore needed. The AVISE Connective Tissue Disease Test that uses a multiplex approach to detect autoantibodies and cell-bound complement products has shown utility in distinguishing SLE from other rheumatological conditions. Whether it might be useful in early disease stages to predict progression is addressed in a recent study by Liang and colleagues, who tested clinic patients who had non-specific findings with the objective of determining whether AVISE could predict onset of SLE. While this test provided more useful prognostic information than other available diagnostics, it had relatively low sensitivity, suggesting that significant numbers of patients with preclinical SLE would be missed by this screening. The need remains for development of diagnostics with robust sensitivity and specificity in early disease that would also deliver prognostic information about risk for SLE. Such tests would have great value as a tool for primary providers to more efficiently triage ANA-positive patients for appropriate specialty evaluation.
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Establishing a diagnosis of SLE is currently based on clinical acumen, laboratory testing and adaptive use of criteria that were designed to classify participants for clinical research. 1 2 A young woman presenting with a photosensitive malar rash, non-erosive arthritis and typical autoantibodies would not stump an experienced rheumatologist or dermatologist. Complicated diagnostic algorithms in such a scenario are unnecessary. However, the problem of lupus diagnosis extends far beyond this type of presentation on both sides of the equation, the patient and the provider. On the patient side, early detection of SLE remains a challenge. Recent analyses suggest that many patients with SLE present with non-specific symptoms such as fever, myalgia, fatigue or arthritis, rather than more typical lupus findings such as malar rash. 3 4 On the provider side of the equation, such patients are most likely to present to primary care physicians or advanced practice providers who are unlikely to be thinking of a rare disease like SLE, and who may not see a need for rheumatological consultation. Delay in getting such a patient to a rheumatologist or lupus specialist is further complicated by the poor performance of the ANA which is the major screening diagnostic. The ANA is extremely sensitive for lupus, but has a high prevalence in the normal population [5] [6] [7] making it too non-specific to be very useful as a screening test. When an ANA-positive patient is referred to a busy rheumatology practice, there is no sense of urgency if other lupus-suggestive symptoms or laboratory tests are not present. In some rheumatology practices, more than 10%-15% of incoming requests for consultation are for evaluation of ANA positivity, so this is not a small problem. Some of these ANA-positive individuals are in an early stage of an evolving lupus syndrome, but identification of those who are at risk is not readily accomplished with available laboratory tests. Therefore, during what can be a long wait time to evaluation, it is likely that some of these ANA-positive patients will have evolution of disease with development of damage at the time of presentation to the lupus specialist. 8 Even nephropathy has been seen in a significant proportion of early lupus cohorts. 9 This situation would benefit greatly from improved diagnostic tests with robust sensitivity and specificity and quantitative outputs. These tests would not circumvent the eventual need for specialist evaluation, which requires complex analysis and specialised training. 2 10 Instead they would be most useful for detecting and triaging patients who are urgently in need of referral to see the specialist. While the presence of antibodies to double-stranded DNA is a long-standing and useful specific biomarker for SLE, the low sensitivity of this test, as well as its low predictive value in individuals with non-specific symptoms, makes it a less than robust screening tool. 2 Similarly, serum levels of complement proteins C3 and C4 correlate with formation of immune complexes that are central to the pathogenesis of SLE, but while low complement levels are informative about activity in established SLE, early, Lupus Science & Medicine undifferentiated disease may be less commonly associated with depressed complement levels. In a recent study of patients with three American College of Rheumatology (ACR) classification criteria, who were considered to have probable SLE, less than 10% had hypocomplementemia.
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One approach to making better diagnostics is to multiplex tests, combining ones that each have predictive value but that are not correlated with each other. In a Bayesian analysis, the increased probability of disease gained from a positive result in a test associated with the condition can be augmented by a negative result in a test that rules it out. The AVISE Connective Tissue Disease test uses this approach and consists of two parts. The first is a series of autoantibodies whose Bayesian combination produces a numerical result that is akin to a post-test probability. 1 The second and unique component of this test is measurement of cell-bound complement C4 activation products (CBCAPS). Circulating immune complexes are felt to be central to the pathogenesis of lupus by activating neutrophils and plasmacytoid dendritic cells. 12 Measurement of complement activation on cell surfaces is a convenient and reproducible method of assessing these soluble immune complexes. A two-tier test strategy is proposed. If a patient has any of the highly specific tests (high titre anti-dsDNA, high titre anti-Sm or extremely high titre cellbound C4d) they are likely to have SLE. While anti-DNA and anti-Sm levels are commonly measured in the evaluation of patients suspected of having lupus and are highly specific biomarkers, they do not identify all patients due to low sensitivity. The addition of cell-bound C4d added approximately 10% to the diagnostic accuracy, as judged by the area under the receiver operating characteristic curve when compared with the use of hypocomplementemia or anti-DNA titre alone. 13 However, only 2% of patients with lupus had extremely elevated erythrocyte C4d and only 14% of patients with lupus had extremely elevated B cell C4d such that they could be used to signify lupus by themselves, underscoring the importance of autoantibody testing in addition to the CBCAPS. If none of these biomarkers (anti-Sm, anti-DNA or CBCAPS) are highly positive, then an 'index' consisting of various antibody titres and more moderate, but still elevated, levels of cell-bound C4d is calculated. If either the tier 1 or tier 2 test is positive, then the overall test is considered positive. When the test was used in a heterogeneous group of subjects including rheumatoid arthritis (RA), systemic sclerosis, Sjögren's syndrome, inflammatory myositis and healthy controls, the overall sensitivity for lupus was 80%, which is lower than what would be optimal for a screening test. 13 The test has fair specificity for discriminating lupus from other connective tissue diseases (70%-92%) and high specificity for discriminating lupus from healthy controls (98%). It also has been shown to distinguish patients with SLE from those with fibromyalgia (FM) with 100% specificity, meaning that none of the patients with FM had a positive CBCAPS test result.
14 Overall, the positive likelihood ratio for the test was 5.6 when trying to differentiate lupus from other rheumatic diseases and 40 when used to distinguish lupus from healthy controls. While these studies suggest that the CBCAPS test characteristics are better than the stand-alone antibody tests in this population, no studies have looked at the costeffectiveness of the CBCAPS test strategy versus standard antibody testing interpreted by an experienced rheumatologist or the potential population health consequences of using CBCAPS as a screening test and missing 20% of lupus cases.
As noted, most rheumatologists should not find it difficult to tell whether a patient has criteria-defined lupus versus criteria-defined RA/scleroderma. Liang and coauthors 15 describe the use of the AVISE test to answer a different question, which is whether patients who had undifferentiated findings presenting in the real-world setting of a rheumatology clinic might be assessed for risk of developing SLE. These early-stage patients often have non-specific symptoms, and complement activation may be less prevalent. Predictive tests are in general more difficult to formulate than tests that classify individuals with prevalent disease. One major variable to consider when assessing performance metrics of such a test is the pre-test probability in the study group. The Liang study patients were already in an academic rheumatology clinic, and thus were likely to have a higher pre-test probability of developing SLE or another classifiable connective tissue disease. This is similar to what has been described for preclinical RA in which simply having seen a provider, not necessarily a specialist, and having had a rheumatoid factor (RF) test ordered increases the pre-test probability of RA from the 1% level in the general population to 17%. This increase was observed even though the reasons for requesting RF were highly variable and often did not include classic symptom findings. 16 It is clear that the screening ANA, which is also often ordered without clear symptom indicators, does not perform as well for preclinical SLE as does the combination of RF/cyclic citrullinated peptide antibodies in RA, so other tests are needed.
The Liang study examined 117 patients who did not have a baseline diagnosis of SLE. Many of these patients were felt to have 'undifferentiated connective tissue disease'. They found that patients with a positive two-tier multi-antibody/ CBCAPS test were 2.8 times more likely to be given a new diagnosis, most often SLE, after 2 years with a significant accrual of both clinical features of lupus as well as organ damage. These results suggest that the test might be useful not just to detect early SLE but also to identify those with more severe forms of disease. This type of information could be used to initiate therapy such as hydroxychloroquine in earlier stages of SLE, when there is potential to prevent organ-damaging manifestations. 17 The authors compared the characteristics of the two-tier test in this setting and found it superior to ANA titre, anti-dsDNA and hypocomplementemia in predicting the development of SLE over a 2-year period. Nonetheless, the sensitivity was only 56.5%, suggesting that substantial numbers of patients will be missed if the AVISE test is used for screening. Similar findings were seen in a recent report which documented that high scores on the multianalyte panel that included CBCAPs in patients with three ACR classification criteria was predictive of development of the fourth criterion within 18 months. 11 Together, these two studies add weight to the concept that SLE is a disease in evolution with evidence of immune system activation (in this case immune complex-driven complement deposition) preceding the accumulation of sufficient clinical and laboratory classification criteria. Whether following patients in either of these studies at regular intervals using standard and available laboratory tests such as urinalysis, complement levels and autoantibodies might also suffice to identify early transformation to SLE classification was not addressed.
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Limitations of the Liang study should be recognised. Although the investigators applied the AVISE test in a routine fashion, it was not a prospective trial with set entry criteria. While the types of patients included reflect the reality of referrals to an academic medical practice, it raises the question of whether there was enrichment for patients destined to develop SLE due to referral bias. There is also a question of confirmation bias because the treating physicians were not blinded to the AVISE results. While objective measures (SLICC criteria) were correlated with AVISE, there is no assurance that knowledge of the test did not affect the scoring. This is hinted at by other studies showing that a patient with a positive AVISE test is more likely to be diagnosed with SLE regardless of the number of criteria met, 18 and that rheumatologists are less likely to diagnose lupus in a patient with a negative AVISE test, regardless of other features. 19 A major challenge for the development of diagnostics to detect early SLE is to find biomarkers that are relatively disease specific (table 1) . This is complicated by the fact that SLE along with other many autoimmune diseases in established and preclinical phases share immune features. 20 ANAs and other autoantibodies are commonly observed in conditions other than those specific for the disease in question. These so-called alternative autoantibodies are especially frequent and broadly represented in SLE and preclinical conditions related to SLE. 21 Furthermore, more than 180 autoantibodies are associated with SLE, 22 which means that the usual clinical panels that include a dozen or less specificities are not providing a wide-angle picture of the autoantibody landscape. Arrays that measure 100 or more autoantibodies simultaneously have been investigated as an approach to developing a more comprehensive autoantibody profile. These arrays have been used to show that subjects with higher SLE risk, including first-degree relatives and those with incomplete lupus (ILE, a condition defined as having one or two criteria for SLE classification in addition to an ANA), have greater IgG autoreactivity than healthy controls. 23 Another array platform with 200 specificities was developed with a different goal, to rule out SLE in patients suspected of having the disease. The test platform offered quantitative results expressing the likelihood of an SLE diagnosis, which could be useful for sorting out ANApositives in a primary care practice. 24 25 While this test was capable of distinguishing patients with SLE and those with no SLE, performance in undifferentiated, early or incomplete patients has not been reported.
Other soluble mediators also have potential to detect patients with immune activation in preclinical stages. Some of these may appear even before autoantibodies are measurable. 26 The B cell stimulator BlyS, for example, shows elevated levels in patients with ILE, though lower than the levels in SLE, suggesting an intermediate and possibly evolving stage of B cell activation. 27 Many other circulating cytokines are dysregulated prior to onset of SLE, though not all of these are disease specific. 28 The signature that reflects activation by Type I interferon, for example, is typical of SLE but is also present in patients with RA. 29 A disease-specific preclinical cytokine cocktail has not been described.
Complement activation, which is the basis for the AVISE test, is an immune feature that has relatively greater specificity for SLE compared with other autoimmune conditions, such as RA or autoimmune thyroid disorders, that contribute to ANA positivity. Furthermore, activation of complement is associated with organ damage, especially lupus nephritis. 30 It therefore follows that measurement of CBCAPs has potential to distinguish which ANA-positive individuals are at risk for development of more serious Lupus Science & Medicine disease. A recent report suggests that patients with newly diagnosed SLE have significantly greater prevalence of hypocomplementemia than patients with conditions that mimic SLE, including undifferentiated connective tissue disease. 31 The patients in this study were collected in clinics staffed by experts in SLE diagnosis and management, which increases the likelihood that disease features would be recognised or measured. Whether AVISE or other tests would be sufficiently informative to risk-stratify ANA-positive patients who are seen in primary practice settings prior to specialty evaluation remains untested.
The field of SLE diagnostics is clearly moving forward at a rapid pace. New test platforms using multiplex approaches are in development for many applications in SLE, including prediction of flare and quantitation of disease activity. In addition to these tests that will help manage patients with established SLE, the need for early risk assessment tools is currently unmet. Most reported studies described here have been carried out in academic rheumatology clinics or specialty practices, rather than at the primary care frontier where the ANA-positive patient, often without any SLE-specific symptoms, is first seen. Bringing testing to this interface will be a necessary step for development of a useful tool to accelerate the diagnosis and treatment of SLE.
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